Kidney tissues were collected from 142 calves during a study of pre-and perinatal mortality. Fifty-six calves had oxalate crystals in their renal tissue. Thirty-four of the 56 had either single or multiple congenital defects, mostly of the skeleton. Twenty-two of the 56 died of causes other than congenital defects. The renal oxalosis was more pronounced in those calves affected with congenital anomalies.
Renal oxalosis (oxalate crystals in kidneys) results from a defect in the excretory phase of oxalate metabolism [3, 6] . In domestic herbivores, it results from ingesting excessive amounts of oxalates in plants, abnormal renal response secondary to injury, or a defect in metabolism. In domestic carnivores and swine it is caused by ethylene glycol (antifreeze) poisoning [7, 8] . Although primary renal oxalosis is an inherited metabolic disorder in man, its incidence in animals has not been established [ 5 , 6, 13, 161. In one report [14] , oxalosis was diagnosed in 257 kidneys from 545 aborted bovine fetuses and neonatal calves that died of various causes. It was thought that oxalates might have originated from mouldy feed, although this could not be established.
Subsequent attempts to induce abortions in pregnant ewes by feeding various amounts of oxalic acid in the ration did not result in abortions [15] . Oxalate crystals were found in the kidneys of newborn lambs, however, which suggested that the oxalates or their precursors were transferred through placenta into fetal tissues [ 151.
Renal oxalosis has been associated with several types of bovine congenital anomalies [14] . Neonates with congenital defects had oxalate crystals in kidneys. Arthrogryposis, cleft palate, hydrocephalus, cardiac defects, osteopetrosis, chondrodysplasia and segmental aplasia of intestines were some of the anomalies described.
The pathological significance of renal oxalosis in ruminants, particularly in the absence of any clinical evidence of oxalate poisoning, has not been fully investigated. We noted a possible cause-and-effect relationship between oxalate crystals and bovine congenital defects. We have found no reports of bovine congenital renal oxalosis in association with congenital defects and perinatal mortality in the United States.
Materials and Methods
Kidney tissues were collected from 142 calves that were part of a research program on pre-and peri-natal mortality in cattle.
Kidneys were examined during necropsy for gross abnormalities and tissue specimens ( 5 millimeters thick) were taken from both kidneys and fixed in 1 0 % buffered neutral formalin. Paraffin sections (6 micrometers) were stained with hematoxylin and eosin (HE) for microscopic examination. Other staining procedures included Masson's trichrome and Van Gieson's for connective tissue and von Kossa's for phosphates and carbonates [2] .
All HE sections were screened with polarized light for oxalate crystals. When oxalatelike crystals were seen, specific histochemical reaction (Pizzolato's peroxide silver for calcium oxalates [ l l ] , and Roscher's naphthalyl hydroxamate for oxalates [12] ) were used.
To quantify the extent of oxalosis, the number of crystals in a given section was graded from 0 to 5 as (+), 5 to 10 as (++), 1 0 to 15 (+++), and above 15 as (++++). Pattern of distribution and specific location of crystals in relation to renal structures and tissue response, if any, also were considered part of the evaluation.
Results
Tissue sections from 56 of 142 calves had oxalate crystals. Kidneys from 22 (39%) of 56 calves, however, did not have gross or microscopic lesions suggestive of developmental abnormalities (table I) . No specific cause of death was determined in two calves.
Thirty-four (61 %) of 56 calves had either single or multiple congenital defects (table 11) . Calves with multiple defects had two or more deformities; several had more than one organ system involved. The commonest defects were cleft palate, arthrogryposis and scoliosis with or without kyphosis.
Other multiple defects were varied and were specific for a single calf. Each one is described as a separate entity. These included cleft palate, arthrogryposis, Gross changes suggestive of hypoplasia or polycystic kidneys or both were seen usually in calves that had congenital defects. Most of these kidneys, which later were confirmed to contain oxalate crystals, had contracted cortices and a distinct brownish green gross appearance. The inner parts of the cortex and medulla appeared to be streaked. The renal pelvis usually contained a gelatinous effusion.
The HE sections with oxalate crystals had birefringent, crystalline structures of various sizes (fig. 1 ). The large ones appeared as clumps of crystals or rosettes. Staining with peroxide silver showed the crystals to be dark brown to black-opaque clumps. Sodium naphthalyl hydroxamate made them look yellow and to a degree transparent.
Grading of oxalate's indicated that more crystals, +++ to ++++, were in calves with congenital defects than in those without abnormalities. In the latter, the number varied from + to + + , but most were +, and the number approached +++ in two calves. The maximum number of crystals (++++) and above was seen in six calves with multiple congenital defects.
The distribution and location of oxalates in relation to renal structures was random. They were seen both in and around glomeruli or in proximal tubules as small, single isolated crystals or in groups of two or three. Crystals in the collecting tubules at the pelvis were large and multiple; and usually had formed rosettes.
Other significant histologic features included immature glomeruli and tubular epithelium. Periglomerular and interstitial connective-tissue proliferation were seen occasionally. One calf with multiple malformations had severe glomerulosclero.sis and extensive interstitial fibrosis.
There was no evidence of degeneration or necrosis that could specifically be related to the crystals.
Discussion
The oxalate crystals may have been coincidental and may have had no relation to the abnormalities but a greater incidence and higher concentration of crystals in the kidneys of deformed calves compared with calves without abnormalities suggest a connection between the two.
The crystals might have been derived from exogenous or endogenous sources. Exogenous oxalates, especially in ruminants, come from grazing plants that are rich in them. They are absorbed from the rumen, metabolized and ultimately combine with serum calcium to form insoluble calcium oxalate which is excreted through kidneys. Death in ruminants that eat such plants may be caused by hypocalcemia and interference with various metabolic activities. To a limited extent, microbial degradation of oxalates reduces ruminal absorption. Failure of microbial degradatio? or continuous ingestion of oxalates leads to progressive poisoning, which results in deposition of calcium oxalates in tissues, especially kidneys [7] . Eventually the crystals can result in mechanical interference with renal function and necrobiotic changes in renal parenchyma [9, 101. There are no reports in the literature of abortions or neonatal deaths associated with congenital defects directly linked to oxalate poisoning in pregnant cattle. There is sufficient experimental evidence to indicate that ingested oxalates can pass through the placental barrier of pregnant ewes and reach fetal tissues [15] . N o abortions were recorded; the dose might not have been high enough to cause abortions. It is possible that there is no correlation between oxalate poisoning and abortions.
If there were no exogenous oxalates, where did the oxalates in the aborted fetus and dead calves originate? This question becomes important in interpreting renal oxalosis in congenital defects. It would appear that the oxalates are of endogenous origin. Endogenous oxalates are derived from a glyoxylate pool, which is an important intermediate step in the biodegradation of glycine [l, 3, 4, 13, 161. Glycine metabolism and congenital defects possibly are related because glycine forms about 25% of the amino acid residue of protein in collagen, gelatin and elastin of the body connective tissue, and because the increased incidence of renal oxalosis in defective calves may reflect an increased rate of metabolic degradation of glycine or its intermediate products in the fetus at a critical stage of development and differentiation. Hence, any disorder of connective tissue will lead to structural abnormalities, which in turn, produce renal oxalosis. The cause of excessive degradation of glycine or its intermediate products in congenital defects of calves is not known. The possibility of an enzymatic deficiency or absence of enzymic activity in inherited metabolic disorders of human hyperoxaluria of man cannot be overlooked as a possible explanation for renal oxalosis in animals [5, 13, 161 . Possibly any factor, genetic or nongenetic or their interaction, may trigger formation of oxalate crystals in the kidney tissue.
